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(54) UNDERWATER CUTTING PELLETIZER, KNIFE USED FOR THE SAIVIE PELLETIZER, AND 
UNDERWATER CUTTING PELLETIZATION METHOD USING THE SAME KNIFE 

(57) In a knife used in an undenA^ater cutting granu- 
lating device for cutting and granulating a fused resin 
extruded from a die to a water chamber by a cutter 
rotated in the state where the knife is opposed to the 
die, the knife of the cutter has a mountain-shaped guide 
surface for guiding a water flow in the direction of draw- 
ing it toward the die. which is formed on the surface 
opposite to the surface facing the die. 

In this knife, more specifically, the transition angle 
from the front surface to the back surface and the 
transition angle from the back surface to the rear sur- 
face are set so as to be 150** ^(B+D)/2^180** . The 
maximum distance A from the cutter surface to the inner 
surface and the maximum thickness C of the knife are 
set so as to be 0^1 .2 A. 
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Description 

FIELD OF THE INVENTION: 

5 [0001] The present invention relates to an underwater cutting granulating device used for manufacturing resin-made 
pellets, a knife used in this device, and an undenvater cutting granulating method preferably using this knife. 

BACKGROUND ART: 

10 [0002] This type of underwater cutting granulating device is generally provided with a die plate having a large number 
of die holes, a water chamber formed so as to surround the cut surface of the die plate, a knife holder housed rotatably 
within this water chamber, a driving means for rotating the knife holder in a fixed direction, and a plurality of knives 
mounted on the knife hold©-. 

[0003] A feed water supply system for circulating cooling water is connected to the water chamber. A resin feeder such 
75 as gear pump is connected to the die. so that a fused resin from a resin kneading machine is pressurized and supplied 
into the water chamber. 

[0004] Accordingly, the fused resin extruded from the die into the water chamber, the skin of which is cooled at the 
same time the fused resin is pushed into the water chamber, is finely cut by the knives, cooled and hardened within the 
water chamber, and granulated into pellets. 

20 [0005] Most of knives conventionally used for such an underwater cutting granulating device have, for example, a sub- 
stantially triangular section as shown by the virtual line in Fig. 1 or a substantially trapezoidal section as shown in Rg. 
16. wherein the rotating directional rear side (rear surface) is cut off vertically to the cut surface of the die. 
[0006] When the rotating directional rear side (rear surface) of the knife is vertical to the cut surface in this way. the 
high-speed rotation of the knife increases the proportion of causing a turbulence in the rear thereof, which develops into 

25 a cavitation. Thus, the rotating resistance of the knife is increased by the turbulence itself or the entrainment of bubbles 
by the cavitation, and most of the driving force of the knife is consumed for this resistance, which contributed to a reduc- 
tion in driving efficiency. 

[0007] The large rotating resistance of the knife is linked to the higher flow velocity of a rotating directional water flow 
(different from the circulating flow of water by the feed water supply system) running along the cut surface of the die 
30 according to the rotation of the knife. 

[0008] Therefore, when such a high MFR (melt flow rate) material with low viscosity that MFR exceeds 1 0 was used 
as the fused resin, the high-speed water flow trailing the knife caused a defect such as curve, deformation, crushing, 
hairline or the like (particularly remarkable with MFR>30) in the pellet shape after cutting. 

[0009] Such a pellet having a shape defect is not only deteriorated in commercial value by the visual failure, but also 
35 caught in a hopper part in extrusion or extrusion molding, which often leads to a reduction in yield or reduction in oper- 
ability of the underwater cutting granulating device. 

[001 0] in consideration of the circumstances as described above, the present invention aims at preventing the occur- 
rence of a shape defect even in a resin material with high MFR by reducing the rotating resistance of knife to water to 
suppress the turt>ulence and cavitation and minimizing the generation of a turbulent part trailing the knife as much as 
40 possible. 

DISCLOSURE OF THE INVENTION 

[001 1] The present invention takes the following technical means in order to attain the above object. 
45 [0012] Namely, in an underwater cutting granulating device related to the present invention, the knife of a cutter is 
formed so that the height dimension (h) laid along Its rotating axial center is thinned, whereby the rotating resistance to 
water is reduced. 

[001 3] In this case, "to thin the height dimension (h)" can be realized specifically by setting the maximum distance A 
from the cutter surface of the knife to the inner surface (die-side surface) and the maximum thickness C of the knife to 
50 0^1. 2A. 

[0014] Since the dimension A of this kind of knife is set to 4-6 mm in order to avoid the interference with the fused 
resin regularly extruded from the die holes, the maximum thickness C can be set to 4.8-7.2 mm or less. 
[0015] Since the rotating resistance to water can be minimized because of the small height dimension (h) according 
to the present invention, the velocity of the circling directional water flow generated along the die according to the rota- 
55 tion of the knife can be also lowered. 

[001 6] Therefore, even a high MFR material can be granulated while suppressing the shape defect of pellet as much 

as possible, and various conventional disadvantages resulted from this shape defect can be prevented. 

[001 7] The minimization of the turbulence caused on the rotating directional rear side of the knife can also lead to the 
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suppression of the cavitation, and the consumption of the cutter driving force can be consequently suppressed to 
enhance the driving efficiency. Further, the cut surface of the die plate can be prevented from being damaged early by 
the collision of a large number of bubbles generated by the cavitation with the die plate. 

[0018] On the other hand, as another method for reducing the rotating resistance to water of the knife, a mountain- 

5 shaped guide surface is formed on the surface opposite to the die. In this case, a valley-shaped guide surface is suitably 
formed also on the surface facing the die so as to be conformed to the mountain-shaped guide surface, 
[0019] The mountain-shaped guide surface means a surface having a part inclined away from the die in the rotating 
directional front part and a part inclined nearer to the die in the rotating directional rear part. Thus, the water flow gen- 
erated along the mountain-shaped guide surface is drawn to the die side in the rear of the knife. 

TO [0020] The valley-shaped guide surface means a surface having a part inclined away from the die in the rotating direc- 
tional front part and a part inclined nearer to the die in the rotating directional rear part. Thus, the water flow generated 
along the valley-side guide surface on the inside of the knife is similarly pressed onto the die side. 
[0021] Since each of the water flows laid along the mountain-shaped guide surface and the valley-shaped guide sur- 
face are headed toward the die in any case, the separation of water in the rotating directional rear side of the knife Is 

75 smoothed, and the turbulence and cavitation can be suppressed. 

[0022] This structure thus has the advantage that the velocity of the circling directional water flow accompanying the 
rotation of the knife can be lowered to prevent the shape defect in the use of high MFR materials, not to mention that 
the driving efficiency of the cutter can be enhanced with suppression of the consumption of the cutter driving force. 
[0023] Since the down force acting on the knife is towered when the water flow on the rotating directional rear side of 

20 the knife is thus turned to the die side, the subsidiary effect that the pressing force of the knife onto the cut surface of 
the die can be reduced to suppress the wear of the both and extend the lives can be provided. 

[0024] The above mountain-shaped guide surface or valley-shaped guide surface has no limitation for the forming 
position to the knife, but it is preferably formed closer to the rotating directional rear side in order to efficiently provide 
the effect of heading the water flow for the die side as described above. 

25 [0025] The mountain-shaped guide surface of valley-shaped guide surface may be formed of a bent surface as a plu- 
rality of flat surfaces are joined, but it is suitably formed Into a smoothly continued curved surface in the sense of reduc- 
ing the rotating resistance to water of the knife. In the formation of such a curved surface, it is more preferable to make 
the sectional form laid along the rotating direction of the knife into a streamline shape. The combination of flat surface 
with curved surface can be adapted. 

30 [0026] Further, when both of the structure of thinning the height dimension of the knife and the structure of providing 
the mountain-shaped guide surface and the valley-shaped guide surface on the knife are adapted, the resulting effect 
can be more ensured and made more satisfactory by the synergistic effect thereof. 

[0027] The knife to be intended by the present invention, more specifically, has a cutter surface opposed to the cut 
surface of a die plate, a front surface raised from the rotating directional front edge of the cutter surface in the state 

35 inclined on the anti-cut surface side toward the rotating directional rear, a back surface extended from the rear edge of 
the front surface substantially backward in the rotating direction, a rear surface continued to the rear edge of the back 
surface, and an inner surface having an inclined part raised from the rotating directional rear edge of the cutter surface 
in the state inclined on the anti-cut surface side toward the rotating directional rear, and continued to the rear surface in 
the rotating directional rear edge thereof. 

40 [0028] In the knife having the form described above according to the present invention, the rear surface is formed with 
an inclination on the cut surface side toward the rotating directional rear, and the transition angle B** from the front sur- 
face to the back surface and the transition angle D** from the back surface to the rear surface are set so as to be 
150** ^(B+D)/2^180** . Further, in the knife according to the present invention, more preferably, the maximum distance 
A from the cutter surface to the inner surface and the maximum thickness C of the knife are set so as to be C^l .2A. 

45 [0029] As Is apparent from the FEM analytical experiment described later, the same velocity water flow part running 
near the die plate together with the knife Is extremely shortened in the rotating directional rear of the knife even when 
the knife is rotated at a general rotating speed of 10*^20 m/s, and the shape failure of pellets accompanying the mowing 
down of the fused resin by the water flow part can be prevented. 

[0030] In the present invention described above, the crossing line part between the rear surface and the inner surface 
£0 Is formed into a knife edge, whereby the turbulence of the water flow in the rotating directional rear of the knife can be 
more surely prevented, and the enlargement of the same velocity water flow part can be more effectively suppressed. 
[0031 ] Further, it Is recommended to provide, in the cutter surface, a part wider than the other part having cutter func- 
tion in the position corresponding to the rotating directional central side part of the die plate to which the fused resin is 
not extruded. 

55 [0032] In this case, since the contact area of the cutter surface to the cut surface is increased by the formation of the 
wider part to reduce the force per unit area acting on the cutter surface, the wear of the cutter surface of the knife and 
the cut surface of the die plate can be delayed as much as possible. 

[0033] As long as the relation between the angle B** and the angle D° and the relation between the maximum distance 
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A and the maximum thickness C are set as described above, the back surface of the knife can be curved on the anti- 
cut surface side so that no ridge line clearly appear between the front surface and the rear surface, or flatly formed so 
as to cross the front surface and the rear surface through ridge lines. 

[0034] On the other hand, it was verified by the experiment described later that the shape failure of pellet could be 
5 solved as much as possible even in case of a high MFR resin, if L and H determined as follows were set so as to keep 
the relation of L€4H in the operation by use of this kind of underwater cutting granulating device. 

L: The rotating directional length of the same velocity water flow part formed on the rotating directional rear side of 
the knife and running near the die plate at substantially the same velocity as the knife. 
70 H: The extrusion length of the fused resin extruded from the die plate during the period from the cutting by one knife 
to the cutting by the following knife. 

[0035] If the rotating speed of the driving means of the cutter is set so that the relation of L^4H is regularly estab- 
lished, the shape failure of pellet can be solved for the present, 
15 [0036] However, the establishment of the relation of L^4H in the state where the extruding speed of the fused resin 
and the rotating speed of the knife are remarkably low is not very suitable for the actual operation because the produc- 
tion of pellets significantly falls. 

[0037] In a general operation of rotating at a high speed (10-'20 m/s) by use of the above-mentioned knife of the 
present invention, granulation Is desirably performed while holding the relation of L^4H. According to the knife of the 
so present invention, even when the driving means of the cutter is rotated at 1 0'-20 m/s necessary for isuch a general oper- 
ation, the shape failure of pellet can be solved by holding the relation of Ls 4H, and occurrence of cavitation can be also 
effectively prevented. 

BRIEF DESCRIPTION OF DRAWINGS 

25 

[0038] 

Rg. 1 is a side view seen from the rotating directional outside of a knife of a first embodiment of the present inven- 
tion (the view seen from the line B-B of Fig. 3), which shows the state of cutting a fused resin extruded from a die. 

30 

Rg. 2 is an enlarged sectional view of the knife of the first embodiment. 

Rg. 3 is a view of a cutter having the knife of the first embodiment installed thereto, which is seen from the cut sur- 
face side. 

35 

Rg. 4 is an enlarged sectional view of a knife of a second embodiment of the present invention. 
Rg. 5 is an enlarged sectional view of a knife of a third embodiment of the present invention. 
40 Rg, 6 is an enlarged sectional view of a knife of a fourth embodiment of the present invention. 

Rg. 7 is a view seen from the cut surface side of a knife of a fifth embodiment of the present invention. 
Fig. 8 is a view seen from the line C-C direction of Fig. 7. 

45 

Fig. 9 Is a side sectional view of an underwater cutting granulating device capable of using the knife according to 
the present invention. 

Fig. 10 is a pressure distribution chart of a conventional trapezoidal knife by FEM analysis. 

50 

Rg. 11 is a pressure distribution chart of the knife according to the present invention by FEM analysis. 

Fig. 12 is a velocity distribution chart of the conventional trapezoidal knife by FEM analysis. 

55 Rg. 13 is a velocity distribution chart of the knife according to the present invention by FEM analysis. 

Rg. 14 (a) is an enlarged sectional view showing an ideal cutting state, (b) is a plane view of a pellet obtained in 
this state, (c) is a side view of the pellet. 
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Rg. 15 (a) is an enlarged sectional view showing an improper cutting state, (b) is a plane view of a pellet obtained 
in this state, and (c) is a side view of the pellet. 

Fig. 16 is a sectional view of the conventional trapezoidal knife for illustrating the definitions of transition angles B 
5 and D. maximum thickness C, and maximum distance A. 

Fig. 17 is a sectional view of the knife according to the present invention for illustrating the definitions of transition 
angles B and D, maximum thickness C. and maximum distance A. 

10 Fig. 1 8 is a view showing the sectional form of each of knives No. 1 -8 subjected to a numerical experiment by FEM 
analysis. 

Fig. 19 is a distribution chart of the same velocity water flow parts of the knives Nos. 1 and 2. 
15 Fig. 20 is a distribution chart of the same velocity water flow parts of the knives Nos. 3 and 4. 
Fig. 21 is a distribution chart of the same velocity water flow parts of the knives Nos. 5 and 6. 
Fig. 22 is a distribution view of the same speed water flow parts of the knives of Nos. 7 and 8. 

20 

Fig. 23 is a view showing the form and dynamic characteristics of the most standard trapezoidal knife. 
Fig. 24 is a view showing the form and dynamic characteristics of the knife according to the present invention. 
25 Fig. 25 is an enlarged view of pellets with MFR=30. 
Rg. 26 is an enlarged view of pellets with MFR=60. 
Fig. 27 is an enlarged view of pellets with MRF=85. 

30 

Fig. 28 is an enlarged view of pellets with MRF=1 1 5. 
Fig. 29 is an enlarged view of pellets with MFR=155. 


35 BEST MODE FOR CARRYING OUT THE INVENTION 


[0039] Preferred embodiments of the present invention will now be described on the basis of the accompanying draw- 
ings. 

[0040] Fig. 9 is a side sectional view of an underwater cutting granulating device 20 to which a knife 7 according to 
40 the present invention is applicable. 

[0041] This granulating device 20 is provided with a die plate (die) 2 having a large number of die holes 2a. a water 
chamber 1 formed so as to surround the cut surface 2b of the die plate 2. a cutter 3 housed rotatably within the water 
chamber 1, and a driving means 21 for rotating the cutter 3. 

[0042] The die plate 2 blocks the water chamber 1 so as to form one side wall (the right wall in Fig. 9) of the_water 
45 chamber 1 . A feed port 22 for connecting a feed water supply system not shown is formed in the lower part of the water 
chamber 1 . and a drain port 23 for discharging the internal water together with pellets 5 to the outside is provided in the 
upper part of the water chamber 1 . 

[0043] The chamber 24 of an extruding machine consisting of a two-axis kneading machine or gear pump is con- 
nected to one end of the water chamber 1 . Thus, a fused resin 4 pushed into the water chamber 1 through the die holes 
so 2a of the die plate 2, the skin of which is cooled at the same time the fused resin 4 is extruded into the water chamber 
1 , is finely cut by the knife 7 described later, then cooled and hardened within the water chamber 1 , and granulated into 
the pellets 5. 

[0044] A bearing case 25 having the driving means 21 consisting of an electric motor or the like connected thereto is 
connected to the other end of the water chamber 1 . A rotating shaft 27 is inserted to the bearing case 25 through a bear- 
55 ing 26 in such a manner as to be retractable and rotatable. and the top end of the rotating shaft 27 is protruded into the 
water chamber 1. To the driving means 21. a setting means 28 consisting of a microcomputer or processor computer 
for setting the rotating speed of the driving means 21 is connected. 

[0045] The cutter 3 is fixed to the top end of the rotating shaft 27. The cutter 3 is formed of a disc-like knife holder 32 
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whose center part is fixed to the rotating shaft 27. and a plurality of knives 7 mounted radially on the knife holder 32. 
[0046] Figs. 1 -3 show the first embodiment of the knife 7 to be used in the cutter 3 of the underwater cutting granu- 
lating device 20 according to the present invention. 

[0047] While a triangular sectional type conventional knife 30 has a tall vertical surface fonned on the rotating direc- 
5 tional rear side as shown by the two-dot chain line in Fig. 1 . the surface (outer surface) 7a opposed to the surface facing 
the die 2 of the knife 7 according to the present invention is formed so as to be curved near the rotating directional mid- 
dle part and inclined down toward the die plate 2 side on the rotating directional rear side. 

[0048] In the knife 7 of the first embodiment, the rotating directional rear half part of the die 2 side surface (inner sur- 
face) 7b is formed flatly suk)stantially in parallel to the cut surface 2b of the die 2 as shown in Fig. 2. 
w [0049] Thus, the height dimension (h) in the rotating axial direction (the lateral direction in Fig. 9) in the knife 7 of the 
first embodiment is rather thinned, compared with the height dimension H of the triangular sectional type conventional 
knife 30. The thickness of the knife 7 itself is also rather small. 

[0050] The rotating resistance to water of this knife 7 can be thus minimized, so that the velocity of the circling direc- 
tional water flow generated along the front surface of the die 2 is not very high even if the knife 7 is rotated at high speed. 

15 The effect of suppressing the turbulence in the rotating directional rear side of the knife 7 can be also provided. 

[0051] The curved surface provided on the outer surface 7a of the knife 7 forms a mountain-shaped guide surface 9 
for drawing the water flow onto the die 2 side in the rear of the knife 7. This mountain -shaped guide surface 9 has. in 
the outer surface 7a opposite to the die 2, a part 35 inclined away from the die 2 on the rotating directional front side 
and a part 37 inclined nearer to the die 2 on the rotating directional rear side. 

20 [0052] Thus, the water flow laid along the outer surface 7a of the knife 7 is drawn onto the die 2 side along the inclined 
surface in the rear side at the same time it climbs over the mountain-shaped guide surface 9, and the water flow can be 
consequently smoothly separated form the rotating directional rear side of the knife 7, whereby the occurrence of tur- 
bulence or cavitation can be suppressed. 

[0053] Since the drding directional water flow generated along the front surface of the die 2 is never increased in 
25 velocity even when the knife 7 is rotated at high speed, and hardly causes turbulence, which thus hardly develops into 
cavitation, the consumption of the cutter driving force can be suppressed to enhance the driving efficiency. Further, var- 
ious advantages such that the shape defect can be prevented even in the use of a high MFR material can be also pro- 
vided. 

[0054] The sectional form of the knife 7 of this embodiment is more specifically described below. 

30 [0055] This knife 7 has a cutter surface 34 making contact with the cut surface 2b of the die plate 2, a front surface 
35 raised from the rotating directional front edge of the cutter surface 34 in the state inclined on the anti-cut surface 2b 
side toward the rotating directional rear, a back surface 36 extended from the rear edge of the front surface 35 substan- 
tially backward in the rotating direction, a rear surface 37 continued to the rear edge of the back surface 36, and an inner 
surface 39 having an inclined part 38 raised from the rotating directional rear edge of the cutter surface 34 in the state 

35 inclined on the anti-cut surface 2b side toward the rotating directional rear, and continued to the rear surface 37 in the 
rotating directional rear edge. 

[0056] The inner surface 39 has a flat part 40 on the rear side of the inclined part 38, and the rear surface 37 is formed 
so as to be inclined on the cut surface 2b side toward the rotating directional rear. The front surface 35 and the rear 
surface 37 are flatly formed, and the tack surface 36 is formed into a curved surface swollen on the anti-cut surface 2b 
40 side so that no ridge line clearly appear between the front surface 35 and the rear surface 37. Further, the crossing line 
part between the rear surface 27 and the inner surface 39 is formed into a knife edge E. 

[0057] In this embodiment, the mountain-shaped guide surface 9 is thus formed of the continued front surface 35. 
back surface 36 and rear surface 37. 

[0058] The sectional form of the knife 7 of this embodiment is set so that each of expressions (1) and (2) can be estab- 
45 lished with respect to each of parameters A-D defined as follows on the basis of the knowledge from the experiment 


described later. 
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(1) 


50 B: 


Transition angle from the front surface to the back surface 


D: 


Transition angle from the back surface to the rear surface 
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C^1.2A 


(2) 


A: 


Maximum distance from the cutter surface to the inner surface 
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G: Maximum thickness of the knife 

[0059] The inclination 6 of the front surface 35 to the cutter surface 34 is generally set to about 30* -60'' so as to con- 
tinuously perform a cutting with little edge chipping. The maximum distance A is generally set to about 4*^6 mm so as 

5 to avoid the interference with the fused resin 4 to be continuously extruded. 

(0060] As is apparent from the numerical experiment described later, the same velocity water flow part 41 running 
near the die plate 2 together with the knife 7 in the rotating directional rear of the knife 7 is extremely shortened even 
when the knife 7 is rotated at a rotating speed in actual operation such as 10-20 m/s. whereby the shape failure of the 
pellets 5 accompanying the mowing down of the fused resin 4 by this water flow part can be prevented. 

10 [0061] In this embodiment, the cutting edge part of the knife 7 is formed with a fixed sectional form over the whole 
length. The sectional form of the cutting edge part may be indeed longitudinally changed within the range satisfying the 
relations of the expressions (1) and (2). 

[0062] Fig. 4 shows the knife 7 employed in a second embodiment of the present invention, wherein the knife 7 has 
not only the mountain-shaped guide surface 9 formed on the outer surface 7a, but also a valley-shaped guide surface 
IS 10 formed on the inner surface 7b. 

[0063] The valley-shaped guide surface 10 is formed by bending the inner surface 7b inward nearer to the die 2 in the 
rotating directional rear of the knife 7, so that the tail direction is formed to be laid along the tail direction of the moun- 
tain-shaped guide surface 9. 

[0064] Thus, the water flow laid along the inner surface 7b of the knife 7 receives the deflecting effect by physical con- 
20 tact as it approaches the rotating directional rear side of the knife 7, and it is consequently pressed onto the die 2 side 
in the rotating directional rear part of the knife 7. Therefore, the inside water flow of the knife 7 can be also smoothly 
separated backward in the rotating direction of the knife 7, so that the occurrence of turbulence or cavitation can be pre- 
vented. 

[0065] By providing both of the mountain-shaped guide surface 9 and the valley-shaped guide surface 10, the respec- 
ts five water flows separated from the rotating directional rear side of the knife 7 receive the force of water when they are 
combined to provide the advantage that the above effect can by synergistically enhanced. Thus, in this second embod- 
iment, the effect transcending at least that of the first embodiment can be provided. 

[0066] Since the effect of directing the water f bw on the rotating direction rear side of the knife 7 toward the die 2 is 
particularly strong In the second embodiment, although the same is true for the first embodiment, the down force on the 

30 die 2 side to the knife 7 is reduced. Therefore, the pressing action of the knife 7 onto the cut surface 2b of the die 2 is 
reduced, providing the subsidiary effect that the wear of both the members can be suppressed. 
[0067] Further, since the mountain-shaped guide surface 9 and the valley-shaped guide surface 10 are formed of 
curved surfaces in this second embodiment, the knife 7 has a streamline-shaped sectional form in which the whole body 
is surrounded by a curve, which provides the advantage that the resistance laid along the rotating direction to water is 

35 extremely minimized. Particularly, the mountain-shaped part on the rotating directional front end part in the outer sur- 
face 7a is suitably formed of a smooth curved surface. 

[0068] In Fig. 4, a knife 14 of a comparative example in which the height dimension in the rotating axial direction is 
set to the same as the height dimension M of the triangular sectional knife 30 of Fig. 1 is also shown. 
[0069] Since this knife 14 of the comparative example has a mountain-shaped guide surface 9 on the outer surface 
40 7a. the effect of directing the water flow laid along the outer surface 7a toward the die 2 side can be provided similarly 
to the first and second embodiments. 

[0070] However, the knife 14 of the comparative example has a sectional form similar to wing section as the whole, 
and a recurved mountain-shaped guide surface 9 is also formed on the rear part of the inner surface 7b. Therefore, the 
water flow laid along the inner surface 7b of the knife 1 4 is directed away from the die 2 by the recurved mountain- 

45 shaped guide surface 9 on the inner surface 7b. 

[0071 ] This means that the directivity might be canceled by the water flow guided to the mountain-shaped guide sur- 
face 9 on the inner surface 7b side although the water flow is directed to the die 2 side by the mountain-shaped guide 
surface 9 on the outer surface 7a side with effort. Thus, even if the occurrence of cavitation can be suppressed to some 
degree in the rotating directional rear side of the knife 14, this effect Is considered to be inferior to the knife 7 of the 

50 present invention shown in Fig. 1 . 

[0072] The formation of the received mountain-shaped guide surface 9 on the inner surface 7b rear part of the knife 
is contrary to the gist of the present invention of guiding the water flow to the die 2 side by forming the guide surface 9 
inclined nearer to the die 2 side Tn the outer surface 7a rear part of the knife. 

[0073] Of course, if the inner surface 7b rear part of the knife is formed flatly (the flat part 40 in Fig. 2), the plane of 
55 the inner surface 7b of the knife may be slightly inclined.away from the die 2. for example, as shown in Fig. 1 1 or Fig. 1 8. 
[0074] Rg. 5 shows the knife 7 of a third emt)odiment of the present invention. This knife 7 has the mountain-shaped 
guide surface 9 and valley-shaped guide surface 10 forrr:ed of bent surfaces as a plurality of flat surfaces are joined. 
Namely, the back surface 36 of this knife 7 is formed flat so as to cross the front surface 35 and the rear surface 37 
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through ridge lines. 

[0075] It is also possible to supplementarily form the valley-shaped guide surface 10 closer to the rotating directional 
rear side over the mountain-shaped guide surface 9 on the outer surface 7a. or supplementarily form the mountain- 
shaped guide surface 9 closer to the rotating directional rear side over the valley-shaped guide surface 10 on the inner 

5 surface 7b. as the knife 7 of a fourth embodiment of the present invention shown in Fig. 6. 

[0076] Since this is intended to regulate the water flow to the most effective low speed every performance (size or 
applicable rotating speed) or operating condition of the cutter 3. it should go without saying that the supplementarily pro- 
vided valley-shaped guide surface 10 on the outer surface 7a or mountain-shaped guide surface 9 on the inner surface 
7b never absorbs or obstructs the natural effect of the mountain-shaped guide surface 9 on the outer surface 7a or the 

10 valley-shaped guide surface 10 on the inner surface 7b. 

[0077] As means to minimize the height dimension (h) of the knife 7, the rotating directional length can be cut narrowly 
as shown in Fig.7 and Fig. 8. This structure has the advantage that the present invention can be executed only by sub- 
jecting the conventional knife 30 to a simple additional work. 

15 [Example 1] 

• [0078] In order to compare the use of a' knife 7 according to the present invention shown by the actual line in Rg. 1 
with the use of a triangular sectional type conventional knife 30 shown by the virtual line in Fig. 1 . a granulation test was 
performed by use of high MFR materials with MFR=70 and MFR^IOO. 
20 [0079] In this example 1 , the state of occurrence of cavitation in the water chamber 1 was visually determined by the 
same judge. At a result, generation of bubbles was recognized at about when the circumferential speed of the knife out- 
ermost part exceeded 10 m/s, and such countless bubbles as to make the water chamber 1 snow-white were generated 
at about when the circumfererrtial speed reached 20 m/s. 

[0080] In contrast to this, bubbles were hardly obsen/ed even at a point of time when the circumferential speed 
25 reached 20 m/s in the knife 7 according to the present invention. 

[0081] On the other hand, whether the shape failure of the high MFR materials can be prevented or not was judged 
by estimating the flow velocity of the water flow generated near the front surface of the die 2 by CAE analysis and 
observing the actually obtained pellets. At a result, estimated values of Reynolds number and pellet drag shown in the 
following table 1 were obtained. 

30 


Table 1 



Reynolds Number 

Pellet Drag 

Knife of the present invention 

3.17x10^^-6.33x10'^ 

0.67-9.17 

Conventional knife 

3.56x1 0'^'-9.50x10^ 

1.50-0.21 


[0082] As is apparent from the above table, the flow velocity of the knife 7 according to the present invention Is about 
40 0.67 times with respect to the Reynolds number, compared with the conventional triangular sectional knife 30. Thus, the 
pellet drag of the knife 7 according to the present invention Is about 0.43 in average when regarded as the force loaded 
on pellets, and it was found from the result that the shape defect in pellets could be prevented as much as possible. 
[0083] In the pellets obtained by actual granulation by use of the knife 7 of the present invention, the ratio of normal 
ones with-little shape defect was extremely high in both cases of MFR=74 and.MFB=105, while pellets having shape 
45 defects were contained in a considerable ratio in both cases of MFR=74 and MFR=95 when the conventional knife 30 
was used. 

[Example 2] 

so [0084] In order to verify that the knife 7 of the present invention was superior to a so-called trapezoidal sectional knife 
31 of conventional knives, a numerical experiment by FEM analysis was performed. This analysis comprises dividing 
the pressure and velocity of the water around the knife when the knife is rested in a water flow having a fixed velocity 
Into many elements followed by calculation by FEM. and the results are shown in Rgs. 10-13. 
[0085] Fig. 10 shows the pressure distribution of the trapezoidal knife 31. and Rg. 1 1 shows the pressure distribution 

55 of the knife 7 of the present Invention. In these figures, the unit of pressure numerical values shown in the respective 
areas is kg/cm^. 

[0086] As is apparent from Fig. 10, a large pressure drop occurs in the ridge line part between the front surface 35 
and the back surface 36 in the conventional trapezoidal knife 31 , and the water flow is peeled in this part The effect of 
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this peeling is extended to the rear, producing a large low pressure area in the rear of the knife 31. 
[0087] In contrast to this, since the front surface 35 is continued to the back surface 36 so that no ridge line appear in 
the knife 31 of the invention as is apparent from Fig. 1 1 . no peeling is caused. Therefore, the low pressure area is semi- 
circularly settled above the knife 7, not extending to the rear of the rear surface 37. 

5 [0088] Fig. 12 shows the velocity distribution of the trapezoidal knife 31 . and Fig. 13 shows the velocity distribution of 
the knife 7 of the present invention. In these figures, U shows the average flow velocity of water flow. Thus, the velocities 
in the respective areas are shown by how many times the average flow velocity U they correspond to. 
[0089] As is apparent from Fig. 12. in the conventional trapezoidal knife 31. a part 41 having substantially the same 
velocity as the knife 31 (the area having a velocity of 0-0.16U: hereinafter referred to as the same velocity water flow 

10 part) which is generated in the rotating directional rear of the knife 31 is rather extended by the effect of the turbulence 
accompanying the peeling. Thus, it is considered that the opportunity of mowing down the regularly extruded fused 
resin 4 by this long same velocity water flow part 41 is increased in the conventional knife 31 . whereby the probability 
of occurrence of the shape failure in the pellets 5 is increased. 

[0090] In contrast to this, since no peeling is caused in the knife 7 of the present Invention, and the turbulence is thus 
15 hardly caused in the rear of the knife 7 as shown in Fig. 13. the same velocity water flow part 41 running near the die 
plate together with the knife 4 is extremely shortened. Thus, it is considered that the opportunity of mowing down the 
regularly extruded fused resin 4 by the same velocity water flow part 41 is almost eliminated to reduce the probability 
of occurrence of the shape failure in the pellets. 

20 [Determination of Allowable Length of the Same Velocity Water Row Part] 

[0091] It is necessary to clarity to which degree of length the part 41 is allowable, although it is found that the shape 
failure of pellets can be solved by minimizing the same velocity water flow part 41 . In order to determine the allowable 
length of the same velocity water flow part 41 capable of solving or reducing the shape failure of the pellets 5 as desired. 
25 the experiment was further continued. 

[0092] However, it is the judgment criteria of shape failure in the pellets 5 that is necessary first. 
[0093] Thus, an ideal state where a fused resin 5 extruded without being entirely disturbed by the water flow is cut by 
the knife 7 is supposed as shown in Fig. 14. and the maximum typical length of an ideal pellet in this case is assumed 
as X. In Fig. 1 4, the width X is taken as the maximum typical length since the extrusion length Y is smaller than the width 

30 X. 

[0094] A defective state where the fused resin 5 mowed down by the water flow is cut by the knife 7 is also supposed, 
and the maximum typical length of an abnormal pellet in this case is assumed as X\ In Fig.. 15, the length in the elon- 
gating direction X' is taken as the maximum typical length since it is the largest. 

[0095] One hundred pieces of the pellets 5 obtained by actual granulation were extraicted, the maximum typical length 
35 X thereof was measured to calculate the average value of X*/X. and the evaluation was performed as follows on the 
basis of the fluctuation of the average value. 

Extremely excellent (@): XVX=1. 00-^1 .15 

40 Excellent (O )* XW=1.15-1 .30 

Tolerable (a): X'/X=1 .30-1 .45 

Improper (X): XW=1.45- - . 

45 

[0096] As the reference of the length to be relatively compared with the length of the same velocity water flow part 41 . 
the extrusion length H of the fused resin 4 defined as follows was adapted. Because it is considered that the larger the 
extruding length H is, the more the fused resin 4 is deformed to easily cause the shape failure in the pellets 5, while the 
smaller the extrusion length H is, conversely, the less the fused resin 4 is deformed to hardly cause the shape failure, 

so 

H: The extrusion length of the fused resin extruded form the die plate during the period from the cutting by the knife 
to the cutting by the following knife. 

[0097] This extrusion length H can be calculated according to the following expression (3). 

55 

H=(Q X 1000/3600)/p x (60/nN)/(7c d^/4) x 10 (3) 
Q: Flow rate of resin per die hole (kg/hr) 
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p: Density of resin material (g/cm^) 
n: Number (pieces) of knives • 
5 N: Rotating speed of knife (rpm) 
d: Diameter of die hole (cm) 

[0093] The granulation test was actually repeated with the sectional form of the knife 7 of the present invention being 
10 variously changed to examine the relation between the length L of the same velocity water flow part 41 and the H 
described above. The result Is shown in Table 2. In this granulation test, the MFR of the fused resin 4 was set to 80, 


Table 2 


MFR=80 

LyH=2 

LyH=:4 

17H=6 

L/H=8 

LyH=10 

LyH=12 

Velocity of Knife 

10(m/s) 

@ 

O 

A 

X 

X 

X 

20 (m/s) 

O 

A 

X 

X 

X 

X 


Pellet shape: 
©Extremely exceflent 
O Excellent 
A Tolerable 
X Improper 


25 

[0099] As is apparent from Table 2. it was found that the length L of the same velocity water flow part 41 within 4 times 
the above H hardly had an influence on the shape failure of the pellets 5 without improper (X). When the length L of the 
same velocity water flow part 41 is preferably within 2 times the above H. a satisfactory result can be provided even at 
a knife speed of 20 m/s, and the shape failure of the pellets 5 is hardly caused. 
30 [0100] Accordingly, by setting the rotating speed of the driving means 21 of the cutter 3 so that the relation of L^4H 
is regularly established, the shape failure of the pellets 5 can be solved as a first step. When the rotating speed of the 
driving means 21 of the cutter 3 is set so that the relation of L^2H is regularly established, the shape of the pellets 5 
can be extremely satisfactorily kept. 

35 [Example 3] 

[0101] in order to examine the effect of the sectional form of the knife on the length L of the same velocity water flow 
part 41 in more detail, the numerical experiment by FEM analysis described above was performed with the sectional 
form of the knife being variously changed. 
40 [0102] Fig. 1 6 and Fig. 1 7 show the manner of measuring the sectional dimension of the knife adapted by this numer- 
ical experiment. Fig. 16 shows the conventional trapezoidal knife 31 in which the back surface 36 crosses both the front 
surface 35 and the fear surface 37, and the rear surface 37 is vertical to the die 2. 

[0103] The points on the outer surface of the knife 31 where peeling might occur are the intersection Q between the 
back surface 36 and the front surface 35 and the intersection R between the back surface 36 and the rear surface 37. 
45 Therefore, the influence of the average value of the crossed axes angles B and D in these points on the length L of the 
same velocity water flow part 41 was examined. 

[01 04] Further, since the turbulence can occur in the rear of the knife 31 as described above when the maximum thick- 
ness C of the knife 7 is large, the influence of the ratio of the maximum thickness C to the maximum distance A of the 
inner surface 39 on the length L of the same velocity water flow part 41 was also examined. 
50 [0105] On the other hand. Fig. 17 shows the knife 7 of the present invention in which the rear surface 37 is inclined, 
and the back surface 36 is curved so as to be smoothly continued to both of the front surface 35 and the rear surface 
37. Since the back surface 36 is smoothly continued to both of the front surface 35 and the rear surface 37, the transition 
angles B and D were evaluated as 1 SO'' , respectively 

[0106] In this numerical experiment, the inclination 0 of the front surface 35 is set to a fixed value of 45*" . It was 
55 assumed that the MRF of the fused resin 4 was 80. and the extrusion length H per unit time thereof was 2.5 mm. In this 
experiment L^4x2.5 mm=100 mm, and the case where the length L of the same velocity water flow part 41 is 10 mm 
or less is passable. 

[0107] Fig. 18 shows the sectional form of each of knives Nos. 1-8 adapted in this FEM analysis. Fig. 19-22 show 
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the distribution state of the same velocity water flow part 41 in each of the knives No. 1-8. and Table 3 shows the length 
of the same velocity water flow part 41 in each of the knives Nos. 1-8, 


Table 3 



Thickness of Cutting 
Edge (mm) 

(B+D) 

C/A 
^2{°) 

Length of same velocity 
area in V=10(m/s) (mm) 

Length of same velocity 
area in V=!20(m/s) (mm) 

Knife 1 

7.64 

110° 

1.4 

24.0 

24.0 

Knife 2 

5.23 

110° 

1.0 

14.0 

14.0 

Knife 3 

4.69 

180° 

0.9 

3.5 

3.5 

Knife 4 

7.36 

180° 

1.3 

6-0 

6.0 

Knife 5 

4.69 

150° 

0.9 

3.7 

3.7 

Knife 6 

7.55 

150° 

1.4 

7.0 

24.0 

Knife 7 

7.63 

120° 

1.4 

32.0 

32.0 

Knife 8 

6.25 

130° 

1.1 

15.0 

15.0 


20 

[01 08] As is apparent from Table 3, it was in only the knives Nos. 3-4 that the length L of the same velocity water flow 
part could be made to 10 mm or less even in V=20 m/s. It is apparent from the satisfactory result of the knife No. 5 that 
the length L of the same velocity water flow part 41 can be shortened by setting (B+C)/2 and C/A to proper values, even 
if the back surface of the knife is flat 
25 [01 09] Each of the knives Nos. 1 -8 was installed to a testing undenwater cutting granulating device to actually man- 
ufacture the pellets 5, which were then evaluated for shape on the basis of the evaluation criteria described above. The 
result Is shown in Table 4. 

[0110] In the test kneading, the fused resin 4 with MFR of 80 was used similarly to the assumption in the above 
numerical analysis, and the extrusion length H per unit time was set to 2.5 mm. 

30 
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Table 4 


MFR=80 

(B+D)/2 

100° 

120° 

140° 

160° 

180° 

C/A 

1.4 

X K 

1 X K7 

X K 

.6 A 

A 

1.2 

X 

X 

K 

X 

:8 

o 

K4 

O 

1.0 

X K 

2 X 

A 

K 

© 

5 

© 

0.8 

X 

X 

O 


K3 — 

© 


Pellet shape: © Extxemely excellent 

O Excellent 

A Tolerable 

30 

X Improper 


35 [01 11] As is apparent from Tables 3 and 4. in order to obtain an evaluation of excellent (O ) or more with respect to 
the shape of the pellets 5, it is sufficient to rotate the knife so that the length L of the same velocity water flow part 41 

is 4H or less. 

[01 1 2] The length L of the same velocity water flow part 41 can be made to 4H or less at a high rotating speed of knife 
of 10-20 m/s only by setting the form of the knife to 150** ^(B+0)/^^^BO° and C/Asi .2 . 

40 

[Example 4] 

[011 3] Fig. 23 and Fig. 24 comparatively show the forms and dynamic characteristics of the conventional trapezoidal 
knife 31 most generally used and the knife 7 of the present invention. 

45 [0114] The trapezoidai knife 31 of Fig. 23 is set to (B+bj/2=1 lO*' and C/A=1 .4 . 

[01 1 5] On the other hand, the knife 7 of the present invention of Fig. 24 is set to (B+D)y2=1 80* and C/A=0.9 . 
[0116] The knife 7 of Fig. 24 has a part 44 wider than the other part 43 having cutting function in the position corre- 
sponding to the rotating directional central side part of the die plate 2 to which the fused resin 4 is not extruded. 
[0117] Therefore, as is apparent from the load curve of Fig. 24, the load is effectively received by the root side of the 

50 knife 7. The stress acting on the cutter surface 34 of the knife 7 can be entirely reduced as shown by the stress curve 
of Fig. 24, and the maximum distortion on the tip side of the knife 7 can be also minimized as shown by the distortion 
curve of Fig. 24. 

[0118] Figs. 25-29 are enlarged views of the pellets 5 obtained by granulation with various MFR values by use of the 
trapezoidal knife 31 (STAND) of Fig. 23 and tiie knife 7 (NEW) of the present invention of Fig. 24 under the same con- 
55 dition. respectively 

[01 1 9] As shown in Fig. 25. the shape failure of the pellets 5 is hardly observed in both the knives with MFR=30. How- 
ever, many distorted pellets 5A start to be included in the trapezoidal knife 31 of Fig. 23 even with MFR=60~85. which 
shows that a considerable number of pellets 5A are involved in shape defect as for MFR=15 (Fig. 28). 
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[0120] In contrast to this, the shape failure of the pellets 5 is suppressed to a minimum with both MFR=115 (Rg. 28) 
and MFR=155 in the knife 7 of the present invention of Fig. 24. 

[0121 ] The trapezoidal knife 31 of Fig. 23 and the knife 7 of the present invention of Fig. 24 were rotated under various 
rotating speeds within the water chamber 1 to inspect the state of occurrence of cavitation. In the trapezoidal knife 31 
5 of Fig. 23. generation of bubbles by cavitation was observed at a knife speed of 1 3.3 m/s. and the water chamber 1 was 
filled with bubbles so that it-became snow-white as for 19.0 m/s. 

[0122] In contrast to this, no bubble was generated within the knife speed range of 13,3-19.0 m/s in the knife 7 of the 
present invention of Fig. 24. and it was confirmed that the transparency of the same degree as still water could be 
attained even at a speed lower than 1 9.0 m/s. 
70 [01 23] The present invention is never limited by each of the embodiments described above, and the details of the knife 
form, the number of knives 7 to be mounted on the cutter 3, and the detail structure as underwater cutting granulating 
device can be properly changed. 

[0124] Further, the fused resin 4 to be used is not limited to high MFR materials, and the material thereof is nor par- 
ticularly limited. 

15 

Claims 

1 . An undenA/ater cutting granulating device for cutting and granulating a fused resin (4) extruded from a die (2) into a 
water chamber (1) by a cutter (3) rotated In the state where a knife (7) is opposed to the die (2), 

20 

the knife (7) of the cutter (3) being formed so that the rotating directional height dimension (h) is thinned in 
order to reduce the velocity of the circling directional water flow generated toward the front surface of the die 
(2). 

25 2. An underwater cutting granulating device for cutting and granulating a fused resin (4) extruded from a die (2) into a 
water chamber (1) by a cutter (3) rotated in the state where a knife (7) is opposed to the die (2), 

the knife (7) of the cutter (3) having a mountain-shaped guide surface (9) for guiding a water flow in the direc- 
tion of drawing it toward the die (2), which is formed on a surface (7a) opposite to the surface facing the die (2). 

30 

3. An underwater cutting granulating device according to claim 2 wherein the knife (7) has a valley-shaped guide sur- 
face (10) for guiding the water flow in the direction of pressing it toward the die (2), which is formed on a surface 
(7b) facing the die (2). 

35 4. An underwater cutting granulating device according to claim 2 or 3 wherein the knife (7) is formed so that the rotat- 
ing directional height dimension (h) is thinned in order to reduce the velocity of the circling directional water flow 
generated along the front surface of the die (2). 

5. An undenvater cutting granulating device according to any one of claims 1 ~4 whereby the sectional form of the 
40 knife (7) is made into a streamline shape laid along the rotating direction. 

6. A knife used in an underwater cutting granulating device which comprises a cutter surface (34) opposed to the cut 
surface (2b) of a die plate (2), a front surface (35) raised from the rotating directional front edge of the cutter surface 
(34) in the state inclined on the anti-cut surface (2b) toward the rotating directional rear, a back surface (36) 

45 extended from the rear edge of the front surface (35) substantially backward in the rotating direction, a rear surface 
(37) continued to the rear edge of the back surface (36), and an inner surface (39) having an inclined part (38) 
raised from the rotating directional rear edge of the cutter surface (34) in the state inclined on the anti-cut surface 
(2b) side toward the rotating directional rear, and continued to the rear surface (37) in the rotating directional rear 
edge. 

50 

the rear surface (37) being formed with an inclination on the cut surface (2b) side toward the rotating directional 
rear. 

and the transition angle B** from the front surface (35) to the back surface (36) and the transition angle D** from 
55 the back surface (36) to the rear surface (37) being set so as to be 1 50** ^(B+D)/2s ISO** . 

7. A knife according to claim 6 wherein the maximum distance A from the cutter surface (34) to the inner surface (39) 
and the maximum thickness C of the knife (7) are set so as to be C^l .2A. 
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8. A knife according to claim 6 or 7 wherein the crossing line part between the rear surface (37) and the inner surface 
(39) is formed to a knife edge E. 

9. A knife according to any one of claims 5-8 wherein the cutter surface (34) has a part (44) wider than the other part 
(43) having cutter function in the position corresponding to the rotating directional central side part of the cut sur- 
face (2b) of the die plate (2) to which the fused resin (4) is not extruded. 

10. A knife according to any one of claims 6-9 wherein the back surface (36) is formed into a curved surface swollen 
on the anti-cut surface (2b) side so that no ridge line appear between the front surface (35) and the rear surface 
(37). 

11. A knife according to any one of claims 6-9 wherein the back surface (36) is formed flatly so as to cross the front 
surface (35) and the rear surface (37) through ridge lines. 

12. An undenArater cutting granulating method comprising cutting a fused resin (4) extruded from a die plate (2) into a 
water chamber (1) by a knife (7) rotating opposite to the cut surface (2b) of the plate (2). and cooling the cut pieces 
in the water chamber (1) to provide pellets (5), 

the cutting of the fused resin (34) being performed while setting the rotating speed of the knife (7) so that the 
rotating directional L of the same velocity water flow part (41) formed on the rotating direction rear side of the 
knife (7) and running near the die plate (2) at substantially the same velocity as the knife (7) and the extrusion 
length H of the fused resin (4) extruded from the die plate (2) during the period from the cutting by the above 
knife (7) to the cutting by the following knife (7) are set so as to be L^4H. 

13. An undenwater cutting granulating method according to claim 12 wherein the knife (7) has a cutter surface (34) 
opposed to the cut surface {2b) of the die plate (2). a front surface (35) raised from the rotating directional front 
edge of the cutter surface (34) in the state inclined on the anti-cut surface (2b) side toward the rotating directional 
rear, a back surface (36) extended from the rear edge of the front surface (35) substantially backward in the rotating 
direction, a rear surface (37) continued to the rear edge of the back surface (36), and an inner surface (39) having 
an inclined part (38) raised from the rotating directional edge of the cutter surface (34) in the state Inclined on the 
anti-cut surface (2b) side toward the rotating directional rear, and continued to the rear surface (37) in the rotating 
directional rear edge, 

the rear surface (37) being formed with an inclination on the cut surface (2b) side toward the rotating directional 
rear. 

and the transition angle B** from the front surface (35) to the back surface (36) and the transition angle D** of 
the back surface (36) to the rear surface (37) being set so as to be 150*» s(B+D)/2^180** . 

14. An underwater cutting granulating method according to claim 13 wherein the maximum distance A from the cutter 
surface (34) to the inner surface (39) of the knife (7) and the maximum thickness C of the knife (7) are set so as to 
be C^1.2A. 

15. An undenwater cutting granulating method according to claim 13 or 14 wherein the crossing line part between the 
rear surface (37) and the inner surface (39) Is formed into a knife edge E. 

16- An undenwater cutting granulating method according to any one of claims 13-15 wherein the cutter surface (34) 
has a part (44) wider than the other part (43) having cutter function in the part corresponding to the rotating direc- 
tional central side part of the cut surface (2b) of the die plate (2) to which the fused resin (4) is not extruded. 

17. An undenwater cutting granulating method according to any one of claims 13-16 wherein the back surface (36) is 
formed into a curved surface swollen on the anti-cut surface (2b) side so that no ridge line clearfy appear between 
the front surface (35) and the rear surface (37). 

18. An underwater cutting granulating method according to any one of claims 13-16 wherein the back surface (36) is 
formed flat so as to cross the front surface (35) and the rear surface (37) through ridge lines. 

19. An underwater cutting granulating device having a die plate (2) having a number of die holes (2a). a water chamber 
(1) formed so as to surround the cut surface. (2b) of the die plate (2). a knife holder (32) rotatably housed within the 
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water channber (1 ), a driving means (21 ) for rotating the knife holder (32) in a fixed direction, and a plurality of knives 
(7) mounted on the knife holder (32). 

this device having a setting means (28) for setting the rotating speed of the knife (7) by the driving means (21) 
5 so that the rotating directional length L of the same velocity water flow part (41) formed on the rotating direc- 

tional rear side of the knife (7) and running near the die plate (2) at substantially the same velocity as the knife 
(7) and the extrusion length H of the fused resin (4) extruded from the die plate (2) during the period from the 
cutting of the above knife (7) to the cutting by the following knife (7) are L^4H. 

10 20. An underwater cutting granulating device according to claim 19 wherein the knife (7) has a cutter surface (34) 
opposed to the cut surface of the die plate (2), a front surface (35) raised from the rotating directional front edge of 
the cutter surface (34) in the state inclined on the anti-cut surface (2b) side toward the rotating directional rear, a 
back surface (36) extended from the rear edge of the front surface (35) substantially backward in the rotating direc- 
tion, a rear surface (37) continued to the rear edge of the back surface (36). and an inner surface (39) having an 

75 inclined part (38) raised from the rotating directional rear edge of the cutter surface (34) in the state inclined on the 
anti-cut surface (2b) side toward the rotating directional rear, and continued to the rear surface (37) in the rotating 
directional rear edge. 

the rear surface (37) being formed with an inclination on the cut surface (2b) side toward the rotating directional 
20 rear, 

and the transition angle B** from the front surface (35) to the back surface (36) and the transition angle D** from 
the back surface (36) to the rear surface (37) being set so as to be 150** s(B+D)/2^180** . 

25 21. An underwater cutting granulating device according to claim 20 wherein the maximum distance A from the cutter 
surface (34) to the inner surface (39) of the knife (7) and the maximum thickness C of the knife (7) are set to 
CS1.2A, 

22. An underwater cutting granulating device according to claim 20 or 21 wherein the aossing line part between the 
30 rear surface (37) and the inner surface (39) is formed into a knife edge E. 

23. An underwater cutting granulating device according to any one of claims 20-22 wherein the cutter surface (34) has 
a part (44) wider than the other part (43) having cutter function in the position corresponding to the rotating direc- 
tional central side part of the cut surface (2b) of the die plate (2) to which the fused resin (4) is not extruded. 

35 

24. An underwater cutting granulating device according to any one of claims 20-23 wherein the back surface (36) is 
formed into a curved surface swollen on the anti-cut surface (2b) side so that no ridge line clearly appear between 
the front surface (35) and the rear surface (37). 

40 25. An underwater cutting granulating device according to anyone of claims 20-23 wherein the back surface (36) is 
formed flat so as to cross the front surface (35) and the rear surface (37) through ridge lines. 
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